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AND MANUFACTURE THEREOF 

(57) Abstract: 

PROBLEM TO BE SOLVED: To markedly improve a 
semiconductor light emitting device in external 
quantum efficiency, by a method wherein a light 
takeout plane is turned rugged to be improved in 
light takeout efficiency so as to more efficiently 
take out light emitted from a light emitting part. 

SOLUTION: Projections 9 formed like 
semicylindridal lenses are provided on the surface 
of a P-type GaN layer 4. As mentioned above, in a 
light emitting device where the P-type GaN layer 4 
is turned rugged, light obliquely incident on a 
light takeout plane is capable of passing through 
the light takeout plane corresponding to an angle 
which incident light makes with the rugged surface. 
Even the totally reflected light is repeatedly 
reflected, and when it is incident on the surface of 
the rugged part at a normal angle smaller than a 
critical angle, it is capable of passing through the 
light takeout plane. As a result, a semiconductor 
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light emitting device can be markedly improved in 
efficiency to take out light emitted from an active 
layer 3, that is, in external quantum efficiency. 

COPYRIGHT: (C)2000,JPO 



-1- 


t 


(19)B*B*MW (J P) 


(51) Into. 7 
H 0 1 L 33/00 


#$§2000-196152 
(P2000-196152A) 

(43)&W B ¥*£l24p 7 n 14 H (2000. 7.14) 


F I 

H 0 1 L 33/00 


r-73-K(£#) 

N 5F041 
C 


msmx »*«©»9 ol (£ioh) 


(21)fflg## 


(22)fflgj0 


ftH¥10-366803 


¥f£lO¥l2^24B (1998. 12.24) 


(71) ffiiaA 000003078 

(72) $89m n « a $ 
(72)k??# a a i - 

(74)ftSA 100064285 

#a± &s -a (*3£) 


(54) istwozm *m4&&t*?*zzf 3 t<ow&m 


(57) (g#j] 

[till] fffi<t©:t-$ ^SfckfcSgfS-rSifttC, 
fc. pSG a NB©*fflWia{cv^i/-5A (Mg) & 

(Dmzmzutcmfcpmnmzj&fS,? a cite .to. p 



(2) 


[#fFf»#©&ffi] 

cc b 3 h cc j§*ttmg#sRw *e> nr i > s c £ £&s* £ -r 
t>mm i io 

t«BR*aW*©±(C Rtt 6 ft /cSftttS&J: it £ . 

£. 

ifiBcaflB. itirfs#&OHJLii©^®&cRwiE>ftTi>& 

B. gtfie3l5tttm@ii<!:©gftl!ffi©f1jfi(e:*jt,>T t F- 

h ifim^mexmx z tix i » -s c £ *#®£-r sin 

#® 1 ~ 4 ©l>-rn*> ] o(tiB4S©^iH*ffc;)fe3l^. 

Jgft4L-TRB6ft/c 1 0 0 n mWT©J&?©£IS#><E>& 
S« £ & £ £ £ £ "f -2. M^if 1 ~ 5 ©t,>fft#> 
1 oCciB$S©¥ag##fc:ft*^. 

IfS£. 30 
IKE^t^^*j»*©*B{cai1itt?:iS»-5 F-'O h 

£. 

mil B F - 1 0 I- * t fc#IK ■ T Z> IS £ . 

(ii^8 ] miB^B^riiffl-r-SMiaigOHuK:. Btr 
iBSfb^^<*©*EiccmiQ^^i-?,ifi% $ p)(c 

fit*. . 40 

mflBmSB. (iriB»3feS8*^)S!?l±iStvS3t«:ML/-C2* 

tt£*nr s c £ %»a £ r siii*^ 7 iB»t©¥SH*2s# 

[lt#«9] ffirfB^JiiJIB. MlES^biB5S*^©«ffi 
Kitas^v^S/^A (Mg) tSflUfcil©! 

£, mibis 1 ©)i©±icjifi$n/c# (a u ) frhtih 

[|6W©BfcNB&Rgn 

[000 1 ] 50 


#132 00 0- 1 96 1 52 
2 

CWt<WHa*ffi«:HT4. J:0l*L/<B. $A9iUt. G 
aN, InGaN. G a A 1 N & £<D1s.iVfal!k¥MfoM 

[0002] 

[0003] cct, *«cc*5(,»t rofbf|jfi¥9flcj 

£B> B. In.AI , Ga (,.».,.,, N (05x^1, 0 
*y*l. 0^z^ 1 ) &SfflfS;5£rili?ftSlII-V 
R<b^*^{*^#^, $6(C. V&tg*£LTB. N 
fCjn*Ty> (P) (As) &££^Tf -2>iSJI 

&d&4>©£-r&. 

[0 004] »t»**«tt«r«l>ri6*f F 
(LED) ^3»*u— tf/j:£©^»T4:^-rSC 

£(c«i:o. cnst?B»r*-ofc«^*s©iSt.^n 
•c t l /ttti4-c * s ©T*m^- ^<Dfcm h m 
m+oi-MtLXLEDZMicmizmwfz. mi o 

tt. Se*©a<fc«Hft*ii(tLED©l(rffi«Jt*jir«ft 
0T*5. -T iaOLEDH, t7 7 ^7li 

1 0 l©±(CGaN^y7T® da^tiT) . . nlG 
aNll 02, I nGaNlfcftJf 1 0 3. pIGaNl 
1 0 4A5)i^it-i?^'> + ;L-fiXg$n/cftfS ; S:W-r.?>. 
*/c. I n Ga N£)fcJfl 0 3 fcct^pMG a NIS 1 0 
4©-§|M>5x-, ?>i7'B£43*rC. niGaN1102 
^SlUSnTC^. pSGa NJf 1 0 3±(CBpffl]2W 

i o 7 £ p<PM>r ■< >^ms i o 6*iai$nrt^ 

4o £/c. nSGa Nil 0 2 ©±(CBn llimffi 1 0 5 
[0 00 6] CO<t^j:iiSKfcl,^a. pffljm^l 0 
\3Xfclihtl. pSGaN110 3iiemiGaNl 

i o 2<,cnwttfiitA2hx%$tis> ?<DMmwmmi 
1 3*mi&bx?-> ^ccmoaisn*. 

[0 00 7 ] 

ms&z&bxwc. 

[0 00 8] GaNOA>F^ t >^B3. 
4 e V£)S^/c«){C. HS£^--S ^««!^S#.5C 
£*5Hb^. -?-©*S*£LT. m@g|5©Jg8!M6!n#JgS < 


3 

[0 00 9] t/c, G a N ©JISt^H: 2 . 6 7£AiH> 
fctiXC. BSIWiJrftrtJ2 1. 9g£6«>-Oh3<,>. r>$ 

^ftgTAJt t/cjfctt. L E D y ^©mcmo an* 

9- v ^'CDUffltC A R (anti-reflection: SURS 
±) KSrffJfSbTfe. C©Bg#ft«gfef>&l\, C©/c 

»*Ct*JH»T?*ofc. 10 
[0010] CCt. ^feffiOtBLfflT^pSfGaNH 

©«ffi*iaiae««:aii-rtitf v c©ras?r*#-r s c 

GaNHti*^igcDil$*5^<i:^^. -eOT. m*§ 

£ ©&B4«tfr&4> o r fc<s*-r * fc»cc»«ft©:w*i& 

*K-e>yi/00. /Sl,>pg!GaNJB£J&j£LJ:5£ 

f s £ . *s jm ffi©ffi^ti 5 £ i > ^ »fc j& w a 

[ooi i ] *i%Hj{i. a>#>sa*©iss©igta{cs-3 
ut^awc^t*?.. -r^tofe. *©gfcj». ma 20 

©»£#*£ fcttflW * t £ Ct *> 5 . 
[0 0 1 2 ] 

J:9K:3iaK«)fflHBKiafl3&Wt*6hTl»*C4*19ft 
£U tt«»*^*:*Wc«#"i-£c 30 

[001 3] ccr. 2|c^©a*(/i»iUfi©jgJi£L 
[0014] s/c(t. B«is^»^«T-B t w-mttm 

Tt,^Ci*!t#m£T^„ 
[0015] Sfctt. WE*i»(*»*3R?-«. 

omudi. zffi*., fueGQOB, UuieftmoaiLJi© 

[ 0 0 1 6 ] 4fc. «rffii83ett«e©T©lifESftfll* 

mfct&f&LX&V htitc 1 0 0 nmWT©!/I©:£H 

^©i^tST* 1 TO©tt#S£K 50 


#182 00 0- 1 96 1 52 
4 

*&#L&Mtett£Ttf£C£#-C#*>. C©#JI1£ 

t-ctt, n i i/c«p tzm^6ctww.£u\ 
[0018]-*. *mi®¥mfr&%m?-<Dmmm 

fiieSit^*2»ft©*ffllc*mtt?r^«>^ F-'<> h 

r££WLfc£J»l£|&£f.&I«£. iilBS<t^^ 
©£t. «tt©^«!fi*;ttitcftTStf4C£*«'CS 

to 

[ 0 0 1 9 ] ccr, mz&mm zmizxmv 

7fc«tflUTj§fttt£WtSC ££#$£(,. *©BX<3W 

[0 02 0 ] $/c, MIB^IDl £ . RB8ftM9fc¥ 
^©MtcJifS^ftv^S^A (Mg) Z^mbtc 

m\<omt. mm i ©n©±ftJt« $ nfc& ( a u ) 

KKCffiTStf* <:£#?**. 
[0 02 l ] 

©n*s©»sstcoc>rsiH^-r-5. 0 1 ». *nw©^s 

t7 7 ^7lfil©±(CGaNA-, 

7 7 I(@^fr) . nlGaN12. InGaNM 

H3. pSSGaNJ14 364W>CBI]iS*lfc«ia*Wri. 
Sfc. I n Ga Nfg#13fcJ:tfp^GaNJi4W:jiiR 

WtCi^^>^^3*x-C, nSGaN^2*5Sttl5il 
tOi, pSGaN14©±Ktt, -glHcmijSSPlirJJ© 
^«7*5JfJ^3nrt^ 0 ^LT, P SGaN14i 
3&1tlS7©±fC«. pffiSmil 3*iM3h. -?■© 

±cc p m©*> f^y-A-,F6 wmvwicnm $ ti 

•COS. nSGaN)i2©±CC«n{SJmffi5*s^ 
[0 02 2] *HW©«a»W<c.^©i>£ott. pSGa 

n ^ 4 ©s*fficcmotK©flni#*6 $ *i t: i > -s &x $> 6 . 

■$Ut>*>, STnL/cWcteOTli. pS«GaN14©^ 
fflCC-> >; > K 'J • U>Xtt©JKI$t©Ogi5 9*^3 
firc^. p^GaN^4©*ffi?:C©J:^(C)]ni-rS 

; 5r%#-rSC£A5-cd r | >< , 

[0 02 3 ] -r^c*)%. 0 1 Otc^t/cfif^WIOJr^K: 

*©K0UiLffi*«Pfflr*4£. rittd 3 *^)SJ(ai § ft 

MLt, *»W©l63t*T-CC*il>rtt» ^KOttll/ffitc 
2*LT&&lCAWb/c:)fcfc t AWL/ciadiffi£©ftg(C 
It.DT^gP(CiiOiSW.Sc:£^r#S<i: i 5«c^-5,. J 


1 


1 

-I 


5 

[0 02 4]-?£9. ^©¥ffltt©*K9fflbffi©li 

• xvk'bz^m&ft-eAMrzmmvwimTz, *© 

IS*£LT. Jiffii3*i5ttm3*ifc**«-aiKc»«)liJ 

#f sctas-cts. io 

[00 2 5] *Hte^JHCCfc(,>T«. pMGaN 
H4 ©^©aRSBtiSGSfc©^ >) > K 'J tf-iu • U >X#> 
*(,>ttBy KL/>Xi bXt>ttm? h. fct, C*i6 
©fitt^©T£©ffi14JI©lfittg|5#*> htium tifcjfe 

[0 02 6] -7?. «fc a**!*****-©*) "5 

O £ o©#fb*>ti. plGaNI4 ©SlffittifiK: v 
->->A (Mg) *lfl5l.»iftK"C^W§tlTl»SCi-C4) 

». $?-©S(&I3ICCi}l>'t. p3>GaNH4©gtffiK: 

•C -7 V% ^ *) A £ G a N Jl 4 ©SIEJI Ccffilft $ -if icVk 

h. C©«t^^5*t#©7"D-fe^CCJ:oT. pSGaNl 
4 ©*ffitt£©* * 'J 7?Ig£±f?£ If . SMI 1 3 

t©*-3 ? *sm%««-r a c *©«* 

[0 02 7 ]$e»lC, C©J:^tCV^*'>^A*p^G 30 
aNJB4©#lffllB(at5ij|gtC K-f>^TI>C£(Cj:-9 
r. pSGaN14© Tffi^tlJ ^(HliST^Ci 
6. Tfcto^. **WiC*>^T«. pIGaNI4©« 
ffiCC|H£i£88M&/cg>{C. GaNJl4***aaj»<^ 

«*4«ff-rSfctttc pSS K-^> We K- f 
>yOoo, GaNH4£>I<J&g-f Tffi^tij # 
«^-rS4l^raB***ofc. C©«fc5fc ro03£tiJ *> 

*©*E©IS6©ffiJtW:a»T&<. 40 

[0 0 2 8 ] C*iK*tl/t, ^WKititf. JSfi&tt: 
vn^^A^IAtSOt, pSGaNJf 4©ERSCC 

l>. ttEoT. r^nj «:S< Ci&<, GaNH44 
[0 0 2 9] **W©*jt3R^<«Rj6^©ft» 
[0 0 3 0] H 3 tt, 


#132 0 0 0- 1 96 1 5 2 
6 

[003 DJ1 ^i(a) «Cill,fc<fc5K:. 

GaN12 4 InGaN&7ftf3, pSG a NB4^rJIB 
;£& 0 B B J&6-f£ o ISfiJS!ESj£tOr« % MOC 
VD (metal -organic chemical vapor deposition) 
& 'WK5-(KCVDfe *SW£MBE (molecula 
rbeam epitaxy) tt£<D#tt**fef £ C <h#r* 5. 
[0 03 2] ^CCC. 02 (b) K*Ufc<fc5&c\ l^X 
h^^-^^Sc-TS. ftflfljfctt, pS?GaNJi4CD 
HiB&CU>^ r^r^ffeU, PEP (photo-engraving pr 
ocess) ttCC«fc9'<*-~>M/C li^fftXF 
^tt©U2/Xh^ir->3 OSJBBtTi. U^X h 

[0 03 3]*K, B2 <c) Kit0fcJ:5«:. i^x 

h^*->3o©»tt?:ttix"rs. ftftwectt. 

[0 034] ^CC, 0 2 (d) tC^b/cJ:^CC, U^X 
h^*->3 0flWBtt*pS!GaNll4CC(E3f , r4. * 
f*WtC« v U^h^$->3 0©±*>6R1E (reac 
tiveion etching) ^^^">^ (ion milling) ^ 

>3 03WJB^Ci3r^>^3ti, §6CC, -ecDTOpSG 
aNJi4fcJB^x^?->^sns w C(0J:^CCUT, p 
IGaN14(D»^ h^*->3 OOKffi^tt 

[0 0 3 5] CCr, US5Xh/^->3 0(DWrffl»tt 
JaX^CDp^GaNji4(D^MaCiCDttffi^£(D 

hys*->3 0©x^^>yjSKec»L 
r, p3SGaNB4a>x^^>yjiSC[>*3WiSC>ii^CC 
tt. pg2GaN«4©nfli3tt, uyxh^dr-^Jz^fe 

mmcttbZ, pSGaNli4CDx>^>^2gO[)^ 
il^a^CCtt, p^GaNH4<DDaa^. b^Xh;^ 
->J:Dfe»a£ti£o Se-^r, piGa NJP4 coCflth 

tt i ^riSfiiagp T 4 C 4 «c i 0 Hi^T * C & **T # S . 

[0 0 3 6] ^CC. 03(a) {c^U/Cct ST. 
MOJBtttim l/fc p^GaN14 CD^ffi^ft^CM g 

(vn^A)I4 0iAu (*) B4 2*IB^».» 

lOnm. AuB4 2(DSlS«Witfl0 0nmi1-5 


7 

CitfTt*. Sfc. mmoU&t:* 3 0 0*CfcLh4 
?*>Zt mtU&3kimhinZ>. 750 

•cr 2 o#p^fiS©7 7 »j/ar--/n6ifrc i*^ 

^ffjr*S„ C<DT.WiC&*). Mg**Ga N14©flffi 

WciHKOr. «B©*+!J7«M[*+»K:i*<T4C 

4#r$£„ CCT, Au (#)H4 2«. C=.*D(9>^ 
r*t?^iJ & l/TftfflT4. Mg/I4 0 

©±{CAuJ14 2S:aWSCt«tO. MgB40££ff 
L/. f^«©BKMg^a3"5C4£i!ftll:0r < Ga 
NB 4 ^©Mg©ttR*ffiiiT4C *fc. 10 

CCr^^HB, R I EW*> • 5 <)><ftj;£<D 

[0 03 7] CCT, MgB<hAuB©&Bit&&*i9t 
T&ttfrOCC. Mgfi I n U>5?$J.) B*S?Bl/ 
r*>&(,>„ £fcB, Mgli 1 n@4AuB£«Jll,r 
fcfiC>. 3 Au i/cB I n©4>&< tk^-ftifr 
KM t/Tfeltt». I n£ffl 

l>£4. GaNI4©aiffj5lC > Mg44fctClnfc 
ffiftl/. ^efWCCI nGaN©WB*5^Sn-5. In 20 
GaNB, GaN4tb$*t,r-'0 F'^-f ? "TW^Hfe 
». pfliii©t-s ?*SB*3 SC 4 

#r£S. 

[003 8] S/c, piOFwOFiLTtt. Mg® 

hi. fllitf. Be (^yj-jA) . Hg (*IB) . Z 
n (SIS) v Cd (fcF'S^A) &£*Bt»Tfca»tt 

40rB. C (fig*) tt£©S«©tm%ffll»&C4*« 

r*s. 30 

[0 03 9] &«C. 03 (b) Kfl0fcJ:5K:. s£SL 
fcMgl4 0 tAu!4 2 £iy DBfc£T 
•So C©«S§T. p£"GaNB4©flffiB. Mg*sm> 

ifflKr F-t>yshn»s. c©«fc5(tMgB4 o 4 

AuJ14 2£|&£-r&t4(<:J:«). C©&iCJBl£f S« 
S© rtt*$ftj £(S?7gf &C4*'rt6. * 
a«B©IUHftW«:j:titt\ pSGaN14 ipil@ 

4©m(cm g bjwwet a 4 . P nK&#Mftt/*r < 

&S4l>5^#i2©i=>*ifc. CftlcttLr, *^W6C 
<tn«. Mg®4 0?r^S^SC4tcJ:f3. pMB&© 40 
***»i»T*C HEK. C*a6©#lJi 
C 4 (C J: -a r. 7tIX<9moffl©^HJtt^ii« 

[0 04 0] -XIX., 03 (c) (C^Ufccfc^CC. nffijm 
fi5«r*JiR-rS. JWW&Ktt. Sf. pS!GaNJI4 4 
fii&a3%$mtmcxy?->>fl,-c> n3!GaNB2£ 
StU^tta. LT. j»CVDf£«:j:t5S i 0,H7£ 

i??>^«Cj:93tt , 3t>-fcn3i!Ga NB2©±CCT i 
a5aiAuf5bSrs»l, !l7 ht^lC.fc^'iJi- 50 


#RJ2 00 0- 19 6 1 5 2 
8 

~>d/i,r, 8oo'cr2o#rase©7^-y^aT- 

[004 l]^tc. 03 (d) tc*l/ft:J:9<c. pffllH 

ffil 3£Jf5tj£-f £„ WfcffJKB. pSGaN14©tI 
©S i 0,&7€rPEP&{Cj:i3/ , i*-->yi/T8B# 
«KBf*-T5. GflfittJI3ft/cp53GaNll4 
©Jbfc. 2B&&J!1i@4 JISIBtfffitC J: »)J»3 5 n 
m©N i (i-;W)113a?:iiSU S^CC, 
■;<£i£iCj;9 1 TO (indium tin oxide) jgBJM&l 3 
bZmfS,?Z>. fcfo. Ni (~;/-5r;b) B 1 3aWto 

Occ, pt <S£> B*flK»rfc&(,». c©«fc5«c. i 

TOB1 3b©T'CN i P t & 4'©£BB 1 3a?;a 
tt£4 I TOB©ttB«g£8HU <*6<c«tti&it> 
fST$-&SC4A5r*-5». 

[0 04 2] #(Au) fr4'£itSl,PEP& 

ccior^^-->^-r'&c4tcj:or. i TOS^m 

m 1 3 4 ft/c*">r 4 > ^ • A v F' 6 £»(3tr 

[0 04 3] CCr. piGa NB4 ©jSBBCCgSSfifc 
SiO:«7«. ^">r^ >^ • A? F*6©T8Br©a 

nSGaNH2*9»WK:Wil3«ft:a{C«JiJiLA:S i 
0,«7«. S3 (c) SO* (d) CCHUcfc^K:. a 

3(aa 3 ommmfo u r i » a ^ tf-wwc nr fe 

•5. Jfe, nffli|mSSI5^4j8B^mffi4 pffliJBS©S&«5 

pffliM6©MIffltCfc^3*irt,>5. 
[0 04 4] 04». C©«fc5K0r»6tlfc*»f*a 

jtjR^oiStt^n-i-y^^Hr-**. r«c*>%. 15)0 
(a) itmm-mmm. mm (b) ji**-*^-?- 

r^L/Co 

[0 04 5] 04 (a) ©*a.-«E*M£*#ai. fi£ 

*©*-?-©ia^{c(j. 3 f (c*ji»rs6^mfifeBi^ 1 
OteiStgr&s. ctucwtr. *a?«©*T-©JS^ 

B. 3^';U F'CAjC^r 5 5 V7>-^T*5ff e>n. mE© 

*-TB. SSfefll** 3 . 2 5 V7>-<7©B#©mE*^ 
3. 2#Jl/F4<S<. S£*©3R J f4J:l:l5tr«i^*E% 

1 0%Jit±<STTSC4*5r#fc„ 

[0 04 6] 04 (b) ©3B6«l!fe**44. * 
^©^i 1 !*. SE*4tb^r^tB^3&i<gJtOri^C4 
t^xtf. S&l^o5i2 0 5 l>7>^7CCtet:f& 

3tffi**#st. ae*©*-T-"etto. 45 2>;7^Fr 
*-2>©tc^tr . ^a^©*^ r« o . 9 5 s 2» F 

l . at*© 2 fgw±©*tb^ en/c. 

[0 04 7 ] *fc. ^^©^^©a^jftfiB. ift 


9 

4 5 0t/y-3it$,-5/c. XmiOmTlCte 
t^Tti. pSGaN14(DRffi©*7*P^BMW"C^> 

4f5Ci^itfA>-5/c. S^fC. p5?GaNJ14©^ffi 
«c^fiSL/c2*14mSJi 1 3©tt#5iaSM>ja#r*D. 

[0048] eUJBfct/fcJ:5«:» *»W«cJ:ti«. p 

tSCiWofc. 10 
[004 9] ifctC. **W©SaB«K:-X>-CSWJTS. 
[ 0 0 5 0 ] B 5 «. $?&BJj©gr 1 ©SE»«*»"T«j9: 

£ttl0T&6„ HJS«:*iCiTtt. 01 7550 3 KM 

fra L-fcaa tin— ©»»«:«. m-wftmttbxn 

H4 ©^ffiCC. smttJBttTtt < . *^K©flttS)51 0 

A 5 JBJ&3tiTV&„ c©j:^ccurfe. 3fc©&9fflU26 
[0 05 1 ] g/c. $^12t»l©EadM&tt«. 02fCR|L 

r ira (/fc-^ci-fexi &flg|5l$tc l r fl$f£T 5 c i #r 20 

#£. tttt>%. pIGa N)14©±CCU^^ h£PWJ 
©^ $ - > cc Jgj£ L . fc5*tb> XJBtt iLfc 

&CC i » ? > iff i> C t (c J; <0 0 5 tc a t J: 5 
tt©fltK8G 1 0 ZMf8,tZ> C 4 Air* 
[0 0 5 2] fc^BWKHaHTfc. HUCHOTirai, 

St 

[005 3] 3 6tC. *^^CC«tti«. ^ti-en©^ 

a^u^xooswDTA^ttmstii^-en-en©* 30 

[ 0 0 5 4 ] %(c. *#8©SI 2 ©X^Wccoi »r WW 

f S. 

[ 0 0 5 5 ] H 6 tt. *2feBJ3©|g 2 (DmmZ&t M& 

£ttB0-c*s. PH«:*5i>Tt. 01 7i503tciWb-c 

BiiaiL/fcgP^dlHl— ©gp^{c(S, |I)— ©fr-Sffcttt/TS 
HBfcSiBJjtt^Bg-fS. «i(C*>l)ttt, p^GaN 

®4©^stc, &tfc-c&<. ffi®:©^ if * h ^ 4 xtR© 
fttKSiU 1 ^fiK^nri^,, t©Jr5«:LT&. ft© 40 

[0 05 6] *fc. *SHSW©B3i!S«ttfc. 02!CML 

r Ma btc Xa -fe x i «B8|sM${c ur ffMf ■& t t ifix 
SS. f&b%. 02 (b) fc*LfcJ:5ec. pIGa 
NJB4©±{CUy*hfc* h?47tt«:»fiRU 

its a-ricx ? x-r s t £ 9 0 6 icmbtc <£ 5 

[0057]*^(cfci,>tt, sncMLriiaL 


^§32000-196152 
10 

9 tare £©-?# -rftto%^aMt^a*%*« 
«:5jc#-f at 

[0 05 8] $ etc. ^mmic 02 ( c ) tc 

[0059] #fc, *^©^ 3 (Dmzmc^-cmm 
[ 0 0 6 0 ] a 7 «. xmmm 3 <Dmwzmtw& 

fSH»H-ca$. HHCC*«,»Tfc. H 1 3 KM l/C 
ii$Uc$7}£l5-©g|$#K:«, |5l-©ft-5f£ttl/Ti£ 

«4SiWttSBSr&. 3R»WKtl>tB. pIGaN 
® 4 ©H@tC . ©*» U > Xtf©£il#gi3 1 2 *WJj5t 
2tiX^6. C©J:-5(CLTfc. ft©K<?ffiL£!!)^-f 

[0061] *%.mw<DwaBVti>. m2icmbxmm 

Tti:t>*>, pSGaN14©±(CUy^ f- SrPW^©^ 

->rj*<«j*u JjnjRttfts-eaciJc.fc-aTii-© 

[0 06 2] ^^pjtCteUTfc. El 1 CCML-Cfjai/ 

offi-rci©-c*?>st^. -r^b^^gps^-^^its 

[0 06 3 ] 3 *^ff5^CCj:nii. pSGaNl 
4©«if©t!lSff£jii-©b>Xt*:i tfcCitCctO. K 

77^ /<& fv©|g^«M5*i»# 

[0064] *^©^4 <m.i&Mit-?^xmm 

I 0 0 6 5 ] m 8 tt. *»W©»4 «M©BW*ar««: 
fia?L/cg|5^i|l]-©gl5»{ctt, p-©^^#trif 

H4©^ffltiWr2>9. *©±K*8l3tifcp|BaW 
Sffil 3 ©^B*S|MICittK:J]nX Siitt^S. c©J:^CC 

[0066] Tfeto^. aqQSei 3tLX2>m2tiZ> 
I TOOIJr$tt, ^2. 0X$>*), pSG a NH4 © 
mVr^Z. 6 Hc^bXiS.^. StoT, pSGaNB4 
4j§Bjmffil 3i©ffflf«. £K*tW:5&££r4C£a* 
)fe<. jfe«ji01SWSC<!:*i'C#*„ -?-L/"C. jiBj^g 
1 3(CA«L/C7t«. 0 KC0Q LTWaU/cJS^ilSJ^ 

ec*©iaeifficc*ji»rBW!iftj: *) btbS^&mft&vA 

[0 06 7 ] 3 *HIBU«{cJ:n». pSGaN 

o&ma&imt&ctifivsz. nan. pSGa 
n m 4 ©sffi^iaawtcjni-r -5. fc«?){ciig©7*7 x v 


(7) 


11 


vnntt+icmt t . p§?GaNH4©iiffi#gftu 

pfflm&4©:t-5 -j 2&Mfr'£it?2>K£<Dfflm&£. 

s ? i'SM^si^-r *>ct 4 & 6„ 

[0 06 8] i?c *^Ktet,>Tll, pIGaNl 
4©^ffiKIHfl£^J£t-S:&g#&l>©-C. pSGaN 

[006 9] j§BJ^@ l 3©SlffiltKWSHi3CD^*- 

>«. H^L//cfc©tcBR^$n-r, 01 -m3t,cmm io 

Uc.£5&^£->&|5]ilC£/|H>&t4an?£6 0 £ 
/c. ^©^*->^£«. r£t£JI3>t>>6fifcttl;**l£ft© 

0 * y > - $r«HU: 0 < T -5 C 4 aPS* 
[0 07 0] -JT, I T Oft 4*©SB^ffi«. $5 t> 

uy^tvm<mm-fi>ct^mm'c$>h(D-z\ ma 

JfJj&f S RKm » 6 ft 4# »C * •} . S 2 o 

©U— «f**#»l/. A-7i7-^lt2MtC^ 

^n^tl©7lc^?:^WC{4g{C*4^Jg»3 7- 

r-en-etiSS4Sti-T*t^«:AI4$-i*Sc4«:«fc-5T 
6*ifc¥»IWcj:9. l^Xf-£8ft?£C 4 

[0 07 1 ] U— "fife 4 L TO:. fifcU*. He-CdU 
— !f 325t^y-$) iArl/- !f (»g : 30 

3 5 \ Zm^ZCtiPCSZ. 

[007 21 1/c. C©<fc V«cSS*ffl^'*->£^l?!t-f £ 

©/s * - > h -nm r * 4 . 

[0 07 3] *»W©JR5©gEjeW{COl>riliW 
f S. 

[ 0 0 7 4 ] m 9 tt, #&BJ3©J|! 5 ©g#w*si-r«& 
£HI0T*£„ isiaccfc^Tfc, eU7bSISI3K:MLT 40 

MtzmmiaQ&T S . ^ffJtWCCte^Tfc. piGaN 

JEKoUffitt^ffl-c**). €-©±«:(i. pftjjgiHSffii 

3*tftSISft. ;36CC*©±K:S3fctt*W-r5#ffi»)ta 
U12 0#gW6ftTt>.2>. -?-LT. ftK0tbl/J§2 0 

©^ffitfiHeitKttJniiSftTt,**. t©<fc^ccoTt>. 

JfJWcfc^Tfc. pSGa NH4©RiS{CD3tH ; &^fiKT 
5!fcS#ttl»©-C. »]UC# 9 pSGaN 
4**ft8»<«*-r4ifcBfcttl». fcfc. ^fljfll 50 


1tgi§2000- 1 96 1 52 
12 

©»£«:«. m^mmms 1 3 4:K>7 : ^ >^ms6 4 

[ 0 0 7 5 ] i§7£141I»f 1 3 WtWL *) m vm 2 0 ©tt 

!44tT(i. rStti3^f>fetti?n4^c*tora7fett 

SrWU fi^P^GaNJf 4 4iatWB^S£*rr-2>C4 
#g£U>. ogij. Cft6©H©/Bflr$#pMGaN 
H4 4jfittftW:. JfRg-C©*©^5li*fi^0. #©& 

H2 0©ttft4LT. mn&*:?itZ>'b<D*m^1rM. 

[0076] mx&'mmm 1 3 ©tmi otb. m 

2 0©W44brt3:. mif. G aN t®ffim&&^® 

mtt £©w*t**4^». mmmzmm c 4 #r * s. 

roffittfi*JBl>4*£K:tt. m< B18.TZC 4#T£ 4 
©T. **&IHi3fc§Stc««-r*t4a«'Ct. Bflfl© 

tt*44UTtt, *{*W(cttW*.«. #'J*-#:Mh* 
W£t4#T£&. ?t£h%> F ©S 

JrStft&l. 6 ©ST. GaN4ft8WJifil»JB»T*&W 

[0 07 7 ] *fc. » t 3ffiL120©M?44br«. 
S<bt"J3> (S i N„) ^WCi4i-C^. tft 
t>%. a<t->Un>©)lilT*«. ^2. 0r*0. Ga 
N©ffl*f$4ifi^/c»(C. j£ttg3A»6affi3n/c^*s 

4. *©fl6«Ct. «^.«. 1 n.O, (H»t*(*^ 
2. 0) . Nd,0, (SJr$tt«l2. 0) . Sb,0 
, mVimtmz. 04) . ZrO, (JB$r$(£Ki2. 
1 ) . CeO, (S}JT$ta^2. 2) . TiO, (JBftS 
tt»2. 2-2. 7) . ZnS («$«^2. 3 
5) , Bi,G\ (mtfrmi*$)2 . 4 5) ft4*4fflt>T4> 

UbLi2 o©wi44 ur«, ^mtt%*-r-5#is^b©i 

[0 0 7 8] K±. UttWiWHtoofcaW©!!*© 

[ o o 7 9 ] *fc. «3t*^©«fi». a*#wsagE 

SUT|5]^(C||^-r-5C4*5-C#4» ?tt£>1?. <mt,c 

tt.DT. ^©si«^^f4©fflfiX ; &a®{t-r-5.c4 

0, ?§tt)B©±T{C >7v KHSrlKWA:') LTfeMl*. 
[0 08 0] */c. IlSiCtm>4tOBt7T-f7 

icmmsnr. -e©fficc<b, mi*. ^tr*ik Mg 

O. ScAlMgO,, LaSrGaO,. (LaSr) 
(A l Ta ) 0,tj:i:<D&m&&&P. S i C. Si. 


13 

GaAs. GaNi5i'©^mttSSfc|3]«K:ffl^T-en 
?tl<D?hm$:'&2>ZtlfiV$Z. ttt\ ScAlMg 
0,«*©*§£«:tt. (00 0 1 ) 1. (LaSr) 
( A 1 T a ) 0 3 (111) 
C£#S£U>„ ftic. GaNCC-^Ttt, flAtf, 

a N »fi £ b X m I >S C £ ifiX £ £ . 

[0 08 1 ] GaN©<fc5&zS1Itt©afii£ffl(,> 
fcig^tU*. ^^©n{|J^@?rSS©»ffliro«:g:W 10 
£<:£*>-?£•*>,, 

[0 08 2] 

[fsw©^] *mm. &L±$/iWLtu5wmTm 

[0 08 3] $T. $2£WcJ:tttf. ^ifftlfcjfcJ^K: 

[0 08 4] *^W«Cj:ti«. pSGaNKDi 
UtfifiCcv^i^A (Mg) (S;£OpSF-/Oh* 20 
mnig-C^WSti-^CitCfcf). pffiiJHffi£©*-5 

[0 08 5] s^cc. xmmcjztitf. 7^->^a4 

£'© p M F -^'> h £zgA l/fc&tc-e-©£JlJS£ p32G 

[5jB#tc. tft<5©:£IIJI£l&£-r&t£{c 
JroT. 3tW0Wtffi©awit*«lRU. **»a** 30 

[0 08 6] S/c. fcSHBCCfctlHt, v£'*->^Afc£ 

F-^mcilCt^T, p§!GaNJ14© rffijg 

©^ffiCcma^i3:W-5/c&(C{J. GaNHSr&Sfigjl 

-fcr>^orGaN»*»<iSS-r4i rronftj 

tf. fiSS^CC-r^i/^A^jjSA-rSO-C. pSGaN 40 
If ©J&glClSUT tt. K - £> 3 (i £"ift < T & 
sfc£*»&l». SE-^t. rffiJStij £J3<t£&<, Ga 
NH 4 £jf < f8.&? £ C £ tfpjfi&i & i. 


&P32 0 0 0- 1 96 1 5 2 
14 

[0 08 7 ] «_kBi4l/fcJ:3«:. *^WtCj;n«, ft 

SbfpmE#ffi<. Soff^ttiS# 

$ ftfc*3M*3B^F-*«flw- s c <t *»5jsb£ & o mm 

[si] *»w©*^»^^?:^-rtt^im0-c* 
a. 

[02] *^w©^**^ ©^ai^^^s^siBgx 

g|ftffi0-e&£„ 
[03] *^W©»7fe^©Sg|J|!ij»^ffi?:^-rmBSX 

[04] *«W©¥»*|6^-*D»tt*iiTy?7H 
T$>£. Tftb%. Ial0 (a) ttm^-mElttt, 150 

(b) imm-ytJiy-ft&zztiztvBkt. 
[05 ] *»w©^ i ©£jewi*«r8E&#K.a0-c* 

[06] #J%i8©!8 2 (DUBMZmt 8fc&i48i0t?* 

s. 

[0 7] *«W©*3©SBKW**-r«fcl:MSH-C* 
5. 

[08] *»«©JM ©^W4***fefc«fllia"C* 
S. 

[09] ^WO^SCMaHBWia-J-tt&MttHT* 
6. 

[010] S£#©S<fc«¥>§f*L E D©Wffi^ii^a 

1,10 1 -9-77 

2. 102 nlGaNI 

3.103 I n G a N&TfcB 

4, 104 pIGaNl 

5, 105 n§mm 

6. 10 6 Xs? 4 >t> ■ rtv K 

7 . 107 wm&M 

10 ¥$u>x 

1 1 

1 2 ¥&U>X 

13. 113 pfliJjSftttmffi 

2 0 ft&OUJUa 

40 -7 y ah 

42 M 


> 


(9) 


#532 0 0 0- 1 96 1 52 


[01 ] 


[02] 



(a) 


(b) 


[03] 




(a) 


(b) 


(d) 


V7777777, 



x f 


4 

3 
2 






[05] 


o o o . 

o o o 
, o o o 
o o o 


[04] 


(a)m«K-mff*3M£ 

20 


IS 15 

E 

~ 10 


V 5 
0 








1 — 1 — 

1 

— i # 
f 
1 








r J 
-i — / 








* / 
» / 

f I 







t 
/ 




0 0.5 1 1.5 2 2.5 3 3.5 4 

(V) 


I 


1 

0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0-2 
0.1 
0 
































— 7* — 

X — 




















10 15 

Vtt (mA) 


20 


25 


(10) ^20 00- 1 96 1 52 


[06] [H7] 



[08] 

[09] 



(72)8^ » « * BS 


F £ - A (#i2f ) 5F041 MO 3 CA34 CA40 CA49 CA57 

CA65 CA72 CA74 CAS 3 CA88 
CA93 CA98 


